








Carbon nanotube array 

Aluminum nanopore process on Si: 
Requires deposition of high purity, very 
smooth Al films on Si 

evice processing 

Want patterned arrays on Si with 
A1 film typically much thinner than A1 foil electrodes and controlled array 
in standard process (-3pm vs >15pm) properties 

+ Self-ordering of pores more difficult 

+ Investigating ebeam-patterned pore 
nucleation sites 

Buried electrodes may be needed: 
+ Must be compatible with high temp. 

NT growth and with AIO, etching 
+ Investigating tungsten electrodes 

Patterning of arrays and array electrodes 
+ Array patterning - pre-pattern Al, 

window anodization 
+ Electrode patterning after NT growth 

Pore array with 
NTs produced in 
anodized Al on 
silicon wafer 

E-beam 
patterned hole 
array in PMMA 
on Al for etching 
of anodization 
nucleation sites 
- 20nm dots on 
60nm centers 



JpL Patterning of RF electrodes on NT arrays 
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Developing high-Q mechanical oscillators based on carbon 

- Tunable nanotube resonator based on suspended nanotube bridge 
- Narrow band RF filter using CNT array in microstrip waveguide 

Modeling and process development in progress for design and 
fabrication of in-plane and vertical nanotube devices 
Prototype device structures have been fabricated 

Tunable Nanotube Resonator 




